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Abstract
We show that the lowest-order QCD calculation in a simple model of
elastic vector-meson production does reproduce correctly the ratios of
cross sections for ρ, φ and J/ψ (measured by H11) and ZEUS2)), both
in photoproduction and in high-Q2 quasi-elastic scattering. The mass
andQ2 dependence of the cross sections is reproduced as well. We also
examine the lower-energy data, and see that the energy dependence
of the cross section does not depend on Q2, and that a comparison
with ρ and φ data from NMC3) suggests a soft pomeron intercept.
We4) attempt to model Elastic Vector-meson production in the HERA kinemat-
ical range, i.e high energy and low t. Several models4–6) have been proposed to
describe this process. But so far, there has not been a model applied to the full
range of masses and Q2. This is the object of our model4).
The process that we study is the elastic interaction between a (virtual) photon
and a proton: γ∗p → V p. V is the vector meson of mass MV and can be a ρ,
φ or J/ψ. The differential cross section of this process is given by: dσγp/dt =
|A|2/(16piw4), where w2 = (P+q)2 is the centre of mass energy in the γ∗p system.
Our model for exclusive vector-meson production includes three simple sub-
models: we use a non relativistic model for the vector meson, where the quark and
the anti-quark share the V -momentum equally and have the same mass equal to
MV
2
, the colour-singlet exchange is modeled a` la Low-Nussinov (two perturbative
gluon exchange), and we shall only consider the constituent quarks of the proton.
This leads us to two form factors for the proton which enable us to cancel the
infrared singularity that would result from the pole in the gluon propagator.
In the following we call wˆ2 ≡ (p + q)2, where p is the parton four-momentum.
Moreover, we work in a Lorentz frame such that parton masses can be neglected.
The key point in the calculations is to get the leading term in the high-energy
Figure 1: The two diagrams accounting for the transition γ∗ → V . The
dashed line represents the cut which puts the intermediate state on-shell.
limit correctly, i.e wˆ2 ≫ m2V , Q2 (where Q2 = −q2 is the off-shellness of the
photon).
In principle, 72 diagrams contribute to the amplitude. However, with the
use of those simplest sub-models and in the high-energy limit, the calculation of
each part of the amplitude can be greatly simplified and we end up only with
two diagrams shown in Fig.1. It will come out that the imaginary part of the
amplitude is proportional to wˆ2. Crossing symmetry and analyticity then imply
that the amplitude is purely imaginary, up to terms of order 1/wˆ2, because the
exchange is C = +1. In order to calculate this imaginary part of the amplitude,
we use Cutkovsky’s rules, putting intermediate quarks on-shell and replacing their
propagator by a delta function.
Now taking everything into account, we obtain the following expressions for
the amplitude, for the various possible helicities:
A(T → T ) ∝ iwˆ2Rα2S
×
∫
d2k
k2(k −∆)2
[E1(t)− E2(k, k −∆)] [k · (k −∆)]
(t−m2V −Q2 + 4 k · (k −∆)) (m2V +Q2 − t)
(1)
A(L→ L) =
√
Q2
mV
×A(T → T ) (2)
The first T (L) refers to the polarisation of the photon and the second to that of
the meson. As previously advertised, this answer is proportional to wˆ2, and is thus
purely imaginary. One also finds that the longitudinal amplitude is proportional
to Q times the transverse amplitude and that the helicity violating amplitudes
A(L→ T ), A(T → L) are nonleading in energy, i.e. down by 1/wˆ2.
The resulting differential cross section is given by:
dσ
dt
=
dσT
dt
+ ε
dσL
dt
=
R
16piwˆ2
[
|A(T → T )|2 + ε|A(L→ L)|2
]
(3)
with ε the polarisation of the photon beam: ε ≈ 1 at HERA and ε ≈ 0.75 at
NMC. Clearly this model cannot say anything about the energy dependence of
the cross section. We shall assume that it comes in as a factor, R (Regge factor),
and check whether the latter is mass- or Q2-dependent.
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Figure 2: (a) Cross sections as functions of Q2, compared with data from
H1 1) and ZEUS 2) at < w >≈100 GeV; (b) Cross sections compared to
lower-energy EMC and NMC data 3), at < w2 >≈200 GeV2.
We first give the results that we obtain for the various cross sections measured
by ZEUS and H1. In Fig. 2 we show the dependence on Q2 and mV of the
integrated elastic cross section σ(Q2). We see that a common (Regge) factor is
consistent with the data taken at HERA, as shown in Fig. 2(a). We insist on the
fact that this factor is independent both of Q2 and of mV , as one would expect
within Regge theory. Although we see no reason why our model should work in
photoproduction, it turns out that our curves do go through the photoproduction
points. The result of a fit σ ∝ (Q2)−n at large Q2, gives nρ,φ = 2.5 and nJ/ψ = 1.5
which is in good agreement with experiments.
In the ratio of cross sections, some of the systematic uncertainties cancel, and
the reproduction of that ratio is a more stringent test of our model, especially
as the normalisation then drops out of our prediction. We show in Fig. 3(a) the
result of such a comparison. Again, we see that our model fares well, even in
photoproduction.
Other results are for the differential cross section. To illustrate the effect of the
curvature, we compare in Fig. 3(b) our results with the data for ρ photoproduction
in H1. We see that, here again, our curve reproduces the data fairly well, and
indicates that dσ/dt is not an exponential.
Finally, we can now examine the w2-dependence of the cross sections, and
compare with NMC and EMC data. We have seen that at HERA, the Regge
factor does not depend either on the meson mass or on Q2. We adopted the same
philosophy when fitting to lower-energy cross sections from EMC and NMC3),
and we observed that ρ data point to a soft pomeron intercept. There may be a
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Figure 3: (a) Ratio of cross sections as functions of Q2 at < w >≈100 GeV,
compared with data from H11) and Zeus 2); (b) Photoproduction differen-
tial cross section dσ/dt, compared with H1 data1).
problem with the smallness of the φ cross section at NMC which implies a larger
intercept. We do not believe that much can be concluded from the J/ψ data,
which seem to have an inelastic background. We show in Fig. 2(b) the curves
which correspond to an intercept of 1.16. We see that the fit is reasonable for
the ρ and the φ. We can see that there is no sign in either ρ or φ data of a Q2
dependence of the intercept.
To sum up, both the mV and the Q
2-dependence of the cross sections, as well
as the t-dependence can be understood in a simple QCD model. The HERA
data indicate that the Regge factor does not depend either on Q2 or mV . The
comparison with NMC ρ data points to a soft pomeron intercept. The only
problem we have is the prediction of the ratio σL/σT , which may be resolved by
the introduction of Fermi momentum.
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